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SYNTHESIS AND S T W E O C H m I C A L  STUDY OF SOME BIOLOGICALLY 
RELEVANT PHOSPHOGLYCEXIDES : DICARBOXYLIC PHOSPHATIDYLCHOLINES 
AND B I S  (DIACYLGLYCERO) PHOSPHORIC A C I D S  

QU0C QUAN DANG and LOUIS DOUSTE-3LAZY 
INSERN U 101, C.H.U. PURPAN, 31059 TOULOUSE CEDEX 

Abstract : Dicarboxylic (glutarvl or succinvl) nhosuhatidyl- 
cholines, and stereoisomeric his (diacylglycero) phosphoric 
acids were synthesized. Their structures and stereoconfiEu- 
rations were determinated by chemical, snectrometric and 
biochemical methods. 

Abbreviations : BPA=bis-phosnhatidic acid, BPA+=his-phospha- 
tidic acid phenyl ester, LRPA=lyso-bis-phosnhatidic acid, 
SLBPA=semi-lyso-bis-phosphatidic acid. 

Chemical synthesis of products with well defined structure and 
configuration is important for the study of the biological pro- 
cesses, especially of their StereosDecificity : for instance, VAN 
DEENEN and DE IIAAS proved by this way that ahosnholipase A2 from 
porcine pancreas deacylates at the 2-uosition of acylated sn-p,ly- 
cero-3 nhosphates but not of acylated sn-Qycero-1 ahosphates ( 1 ) .  
Inversely, enzymatic reactions, which are hiyhly stereosDecific, 
are very useful in the determination of the stereoconfiRuration 
of organic compounds. 

We summarize here synthesis and stereochemical and biochemical 
studies of some phosphoglycerides : dicarboxylic nhosnhatidyl- 
cholines involved in the henolysis by irradiation, and his (riiacyl- 
glycero) phosphoric acids in the Niemann-pick liuidosis . 
DICARROXYLIC PHOSPHATTDVLCHOLINES 

Ionizing radiations induce hemolvsis, and the formation, in the 
plasma lipouroteins, o f  dicarboxvlic phosahatidylcholines, by 
qeroxydation of unsaturated fatty-acvl grouns (2). So we svnthe- 
sized a new comuound of this tyne, the 1-acyl-2-qlutaryl-sn-glv- 
cero-3 phosDhorylcholine, or qlutarylnhosphatidvlcholine (IS Fiq.1) 
from 1-acvl-sn-qlycero-3 phosphorvlcholine or lysophosphatidylcho- 
line (IA, fig. 1) and Klutaric anhydride (3). Similarly we synthe- 
sized an analop, : the succinylphosnhatidvlcholine (IC, fig. 1 ) .  
Afterwards, with Prof. V.  STOFFEL (KOLN) , we innroved the yield 
of acylation to about 90 X usin,? dimethylaminonyridine as a cata- 
lyst, according to the nrocedure of STEGLISH ( 4 )  and CUPTA et al. 
(5) * 
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Fig. 1 

lBl 2 = CO~CH,l,COOH:GLUTARYL PnOSPHATlDYLCHOLlLlE 
I C I  2 = COtCH,& C00H:SUCCINYL Lyso 1 l A I  2 = H: 

These synthetic dicarboxylic phosphatidvlcholines have been 
used for the study of the mechanism of hemolvsis durinp; irradia- 
tion. In vitro, just as lysonhosphatidvlcholines (IA) , they induce 
the lysis (6) and the deformation (7) o f  natural membranes as ery- 
throcytes, and model membranes as Dhosnhatidvlcholine bjlayer 
vesicles (8). 

SIS(DIACVLCLVCER0)DFnSPHORIC ACIDS (RTS-~HQSPFATTDIC ACTDS) 
Some forms of the NIEFIANM-PICK lipidosis and druE-induced lipidoses 
(9) show an accumulation of an abnormal nhosnhoylyceride : the bis 
(monoacyle1ycero)phosphoric acid or lyso bis-nhosphatidic acid 
(LBPA) , derivative of the bis (d i acv lg1vce ro )nhosnhor i c  acid, or 
bis-phosphatidic acid (RPA). In these products,the glycero-p 
moieties may have a sn-3 (IV A ,  fig. 2 and 4 )  or the unusual sn.1 
configuration (IV B, fig. 4 )  - (11) (12) (13). In order to get 
insight into the mechanisn of the M1E~"ANN-PICK disease, we synthe- 
sized bis-phosphatidic acids of various confizurations. 

ric acid IV A ,  fig. 2 ,  essentially accordinK to the procedure of 
BAER ( 1 4 )  : phosphorylation of the 1,Z-diacvl-sn-glycerol I1 A by 
phenylphosphoryl dichloride, into the nhenyl bis (1,2-diacvl-sn- 
qlycero-3) phosphate 111 A, followed by hydroRenolysis into IV A 
( f i z .  2). Tde proved the confifiuration of this latter product by 
its total hydrolysis with phospholipase A2 from nip, pancreas into 
bis (1-acyl-sn-glvcero-3) nhosphoric acid V A or L W A  3.P.3'  
(fig. 2) ( 1 5 ) .  

sis of  bis (diacylqlvcero) phosphoric acids (16)  based on the con- 
densation of phosphatidic acid with a diacvl-ylycerol, catalyzed 
by triisopropylbenzene sulnhonyl chloride essentially accordinp, to 
KHORANA et coll. ( 1 7 ) ,  ANEJA et al. (18) (fiy. 3). This one-ster, 
procedure gives a better yield than the former one ,  and can lead 
t o  bis (diacylglycero) nhosDhoric acids of any confi,wration and 
containin8 unsaturated acyl qroups. 

sized. Ris (1 ,2 - (  1-14C1palmitoyl-sn-glvcero-3) Dhosnhoric acid 
(14C-IV A) was obtained accordinq to cis. 2 from 1,2 (l-14C1~almi- 
toyl-sn-slycerol, which was derived from di-I 1 -14Clnalmitoyl nhos- 
phatidylcholine by hydrolysis with nhosnholinase C. 

First we synthesized the bis (1,2-diacyl-sn-glycero-3)~hosnho- 

With P r o f .  TJ. STOFFEL, we developed a new nrocedure of synthe- 

Afterwards, radio-labelled bis-phosnhatidic acids were synthe- 
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(-x- A) LBPA 3-P-3' 
Fig. 2 

CH,- 0 - CO - R, 

R , - C O - O - C H  0 C H - O - C O - R .  
I 

, 
anhydrous It I 

CH,-0- P - 0  - CH, 

OH 
1 

pyridinc 

R, - CO -0  - CH, 

R,- C O - 0  - C H  0 C H - 0 - C O - R .  
i 

I II  I 
CH,On HO- P - O - %  

I 
on P i g  3 

The bis (2,3-di ( l-14Clpalmitoyl-sn-qlycero-l) Dhosphoric acid 
(IV B) was synthesized according to the scheme fig. 4 .  The rac. 
1,2-di(l-14C1~almitoyl-glycerol (I1 A + 11 B) was obtained by hydro- 
lysis of tri ( l-14Clpalmitoyl-glycerol catalyzed by linase from 
Rhizopus Arrhizus, accordin:: to SEMERTVA et al. (19). Phosnhoryla- 
tion then hydrogenolysis yave a mixture o f  the three stereoisomers 
of bis-phosnhatidic acid. : BPA 3-p-3' (IV A), SPA 1-p-1' (IV B), 
BPA 3-P-1' (IV C), not isolable by T.L.C. 

out as described before ( 1 5 ) ,  Owing to the sDecific deacylation at 
2-position of sn-3-phosphozlycerides : RPA 3-p-3' (ZV A) Rave lyso 
BPA 3-P-3' (V A), SPA 1-P-1 ' (TV R )  remained unchanqed, SPA 3-P-1 ' 
(IV C) was only deacylated at the position 2 of the sn-3 moiety, 
ziving semi-lyso BPA, SLRPA 3-P-1' (V C) ; V A, IV R and V C were 
well separated by TLC. 

were ascertained by acyl/P determination, proton NPfR snectra, IS 
and [ a ) ~  compared to BPA 3-D-3' and LRPA 3-P-3'. 

Phospholipase A2-catalyzed hydrolysis of these BPA was carried 

The structure and configuration of BPA I-P-1' and SLBPA 3-P-1' 
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